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Abstract | Dadih is a traditional fermented milk product widely produced in West Sumatra, Indonesia, characterised
by a compact gel structure and stable visual quality. This study aimed to develop a multimodal evaluation framework
integrating a deep learning—based electronic eye (e-eye) and CIELab colourimetry to assess and benchmark dadih
produced in Java against West Sumatran references. Four treatments were analysed, including two reference samples
(T1 and T2) and two Java-produced samples (T3 and T4). The data were analysed using one-way ANOVA followed by
Duncan’s multiple range test (DMRT) (p < 0.05), while visual classification was performed using a convolutional neural
network (CNN) trained on 400 images (100 per class) with an 80:20 training—validation split and data augmentation,
achieving a classification accuracy of 98%. T2 exhibited the highest lactic acid bacteria count (8.10 log,, CFU/g),
titratable acidity (15.00 g/100 g), and lowest pH (3.80), while T4 showed the highest water activity (0.913) and lowest
acidity (8.00 g/100 g). The CNN classified T1 as “Excellent”, T2 as “Good”, T3 as “Fair”, T4 as “Poor”, aligned with
sensory and colourimetric results. These results suggest that dadih from West Sumatra can serve as a reliable reference
for good quality, while dadih produced in Java still needs better control during fermentation. Maintaining temperatures
around 30-37°C and allowing fermentation to proceed for approximately 24-48 hours can improve acidity, microbial
activity, and gel structure. Overall, the proposed multimodal approach provides a practical and objective framework for
standardising the quality of fermented dairy products.
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INTRODUCTION

Dadih is a traditional Indonesian fermented milk
product predominantly produced in West Sumatra
through spontaneous fermentation in bamboo containers
(Anindita e al., 2026; Pramana ez al., 2025). This process

produces a compact gel structure with a relatively uniform

appearance and distinct physicochemical properties. The
development of dadih production outside its traditional
region, including in Java, is partly influenced by limited
availability and the relatively high cost of distribution.
Previous work has shown that dadih can be successfully
produced beyond its area of origin, such as in Taiwan (Wati
et al.,2022). In this context, the present study explores its
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production in Java to improve accessibility and broaden
its consumption. These variations can influence structural
stability, colour characteristics, and syneresis behaviour,
thereby affecting the visual quality of the final product
(Wang ez al., 2023). However, evaluation of dadih quality
remains largely dependent on sensory judgement, which
is subjective and lacks reproducibility (Ramaiyulis ez a/.,
2021).

Previous studies have applied sensory evaluation and
instrumental techniques, such as CIELab colourimetry,
to assess fermented dairy products. While sensory analysis
reflects human perception, it is prone to bias, whereas
instrumental methods provide quantitative measurements
but are unable to capture complex visual features such
as surface texture and structural defects (Buckley and
Giorgianni, 2023; Sirisathitkul ez a/, 2025). Recent
advances in artificial intelligence and computer vision
have enabled the development of electronic eye (e-eye)
systems capable of extracting complex visual features
and performing automated classification (Khalifa and
Albadawy, 2024; Trigka and Dritsas, 2025). However, their
application in traditional fermented products such as dadih
remains limited.

Existing studies remain limited, as they mainly focus on
single evaluation approaches without integrating multiple
analytical dimensions. A multimodal evaluation approach,
combining sensory analysis, instrumental colourimetry, and
Al-based visual assessment, offers a more comprehensive
strategy for evaluating dadih quality. This study aimed to
develop and apply a multimodal evaluation framework
integrating a deep learning-based e-eye, CIELab
colourimetry, sensory analysis, and physicochemical and
microbial parameters to assess and benchmark dadih
produced in Java against reference samples from West
Sumatra. It was hypothesised that the integration of Al-
based visual analysis with conventional methods would
provide a more objective and reliable evaluation of dadih
quality and reveal differences between production regions.

MATERIALS AND METHODS

PREPARATION OF JAVA DADIH

Java dadih was made using bovine colostrum that was
freshly collected in the early milking period (Figure 1)
after parturition and its physicochemical properties are
listed in Table 1. The h typical of classic buffalo milk-
based dadih as well as increase nutritional value owing to
its high protein and bioactive compound content. Before
fermentation, the nutritional content of colostrum (fat,
protein, lactose and total solids) was analysed by creamery
method using a Lactoscan milk analyser. It should be noted
that bovine colostrum differs substantially from buftalo
milk in composition, which may affect fermentation

behaviour and structure. This difference represents a
potential confounding factor; therefore, the results should
be interpreted as product-based comparisons rather than
direct equivalence of raw materials. To avoid undesirable
microbial contamination but also preserve functional
components, samples were filtered as described above and
pasteurised at 85 °C for 30 minutes before fermentation. In
addition, the use of pasteurised colostrum in Java samples
and raw milk in traditional samples represents different
processing conditions; thus, the observed differences
reflect combined effects rather than isolated variables. The
colostrum was transferred directly into sterilised bamboo
containers after pasteurisation to mimic conditions for
fermentation used traditionally. No commercial starter
culture was supplemented and spontaneous fermentation
by endogenous lactic acid bacteria could occur. Samples
were incubated at room temperature (28-32 °C) for 33 h
until a gel with coagulated structure was formed. Fermented
samples were kept at 4 “C until analysis. The fermentation
containers were made of bamboo native to Java, including
bamboo apus (Gigantochloa apus) and bamboo ori (Bambusa
blumeana). These species were chosen since they are very
common and have been used in the past for food processing
in that region, so the fermentation process could mimic
traditional production practices.

Figure 1: Physical appearance of pasteurised bovine
colostrum.

SAMPLE CLLECTION AND TRANSPORTATION FROM
SUMATERA

Dadih samples were obtained from two different producers
located in West Sumatra, Indonesia. The samples were
carefully packaged and transported to the research
laboratory at Universitas Brawijaya, Kediri, Indonesia. The
shipping duration was approximately 2-3 days. During
transportation, samples were stored in insulated containers
with ice packs, maintaining a temperature range of
approximately 4-10°C to minimise further fermentation
and structural changes.
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Table 1: Physicochemical characteristics of colostrum

milk.
Parameter Value
Temperature 32°C
Freezing point -0.722°C
Solid Non Fat 8.6 %
Fat 6.28 %
Density 1.061 g/mL
Protein 3.94 %
Adding Water 0%
Lactose 5.90 %
Solid 10.74 %

Source: Author’s experimental data obtained using lactoscan
milk analyser.

MULTIMODAL ~ VISUAL
FRAMEWORK OF DADIH

The integrated approach used to evaluate the visual
quality of dadih through three complementary methods:
sensory analysis, CIELab colorimetry, and deep learning
based e-eye is presented in Figure 2. Sensory analysis
represents human visual perception, where visual stimuli
from dadih are captured by the eye, transmitted through
the retina and optic nerve, and interpreted by the brain to

QUALITY EVALUATION

P

Sensory

generate sensory perception. CIELab colorimetry provides
objective colour measurement using instrumental analysis
to quantify L*,a*, and b* values under controlled calibration
conditions. Meanwhile, the deep learning—based (e-eye)
utilises digital image acquisition and convolutional neural
network (CNN) modelling to extract visual features and
perform automated quality classification (Wang ez al,
2023; Young e al., 2024). Together, these approaches
form a multimodal evaluation framework that integrates
human perception, instrumental colour measurement,
and artificial intelligence—based image analysis to achieve
comprehensive and objective assessment of dadih visual

quality.

ELECTRONIC EYE-BASED VISUAL QUALITY ANALYSIS
Visual quality of dadih was evaluated using a deep learning—
based e-eye system. This approach is based on computer
vision techniques, which have been widely applied in food
quality assessment to extract visual features such as colour,
texture, and surface characteristics in an objective and
reproducible manner (Zhao ez a/.,2025; Kumar ez al.,2026).
Digital images of dadih samples from Java and Sumatra
were captured under controlled lighting conditions using a
fixed camera setup to ensure consistency. All images were
pre-processed through resizing and normalisation prior to
analysis.
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Figure 2: Integrated visual quality assessment of dadih using sensory, colorimetric, and Al-based approaches.
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A convolutional neural network (CNN) was employed due
to its capability to automatically learn hierarchical visual
features and perform accurate image classification without
manual feature extraction (Singh and Sabrol, 2021). The
CNN model was developed to classify dadih images into
predefined visual quality classes (A-D). The four visual
quality classes (A-D) were determined based on observable
characteristics of dadih, particularly colour uniformity,
gel structure, surface appearance, and the extent of whey
separation (syneresis) (Arnold eza/.,2021)."The classification
criteria were based on key visual indicators commonly used
in fermented dairy evaluation, including colour uniformity,
gel structure integrity, and whey separation, which are
closely associated with product stability and fermentation
performance. The dataset was divided into training
and validation sets for supervised learning and model
evaluation. Classification results generated by the e-eye
system were visualised and subsequently compared with
CIELab colourimetric measurements and sensory analysis
as part of a multimodal quality assessment. The dataset was
divided into 80% training and 20% validation sets using
a hold-out validation approach. The CNN architecture
consisted of multiple convolutional layers (Conv2D)
with increasing filter sizes (32, 64, and 128), followed by
max-pooling layers, a fully connected dense layer with
128 neurons, and a dropout layer (rate = 0.4) to reduce
overfitting. A softmax activation function was applied in
the output layer for four-class classification. The model
was trained using the Adam optimizer with a learning
rate of 0.0001 and a batch size of 32. Model performance
was evaluated using accuracy, classification report, and
confusion matrix to assess classification reliability.

All convolutional layers were configured with 3 x 3
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kernels, a stride of 1, and same padding. The total number
of trainable parameters was obtained from the model
summary during training. To account for variations in
image acquisition, several data augmentation techniques
were applied, including rotation (up to 25°), width and
height shifts, shear, zoom, and horizontal flipping. These
transformations were intended to reflect typical variations
encountered during manual image capture and to enhance
model robustness. The model was trained using a hold-out
validation scheme, with 80% of the data used for training
and the remaining 20% for validation, without applying
cross-validation due to the limited size of the dataset.

Figure 3 shows that training accuracy increased from
around 0.28 to 0.85, while validation accuracy rose more
quickly and reached 0.95-0.99. Training was limited to 10
epochs to avoid overfitting, considering the relatively small
dataset size. The higher validation accuracy, especially at
the early epochs, may indicate that the validation data
were less complex or easier to distinguish visually than
the training data. This suggests that the model was able
to capture key visual patterns, but it may also reflect
differences in the data distribution. Training loss decreased
from approximately 1.5 to 0.40-0.50, while validation loss
dropped to around 0.30, with only a small gap between the
two curves. This indicates that the optimisation process was
generally stable. However, the difference between training
and validation accuracy should be interpreted carefully,
as it may be influenced by differences in data complexity
rather than solely by model performance. Overall, the
model was able to learn relevant visual features, although
turther evaluation using more balanced data would help
confirm the robustness of the results.
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Figure 3: Training and validation accuracy and loss curves of the CNN-based (e-eye) model across epochs.
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Dadih with the most
optimal visual
appearance
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creamy-white colour

.Smooth, compact, and even surface

%
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with low visual quality
due to structural
instability

.Very low or no visible syneresis

LI spots, patches, or visible mould
colonies

® an-uniform colaur or visible calour
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compacted surface
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.Relativelv uniform colour with slight
heterogeneity
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granulation or fine cracks
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® o visible spots or mould colonies
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surface
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Figure 4: Classification framework for dadih visual quality using a deep learning—based (e-eye) system.

The figure illustrates a conceptual grading framework for
dadih visual quality supported by a deep learning—based
(e-eye) system, as shown in Figure 4. The classification
structure organises products into four hierarchical quality
tiers based on progressively changing visual indicators such
as surface stability, moisture release, colour consistency,
and signs of deterioration (Tamime and Robinson, 2007;
Lucey, 2002; Herlina and Setiarto, 2024). The upper
categories represent structurally stable and visually uniform
products, whereas the lower categories reflect increasing
structural defects and contamination risk. This framework
demonstrates how artificial intelligence can translate visual
teatures into standardised quality levels, enabling objective
and reproducible assessment of traditional fermented dairy
products.

CIELAB COLORIMETRY

Approximately 10 g of dadih was placed in a Petri dish
with a leveled surface. The colorimeter was switched on
and set to the CIELab color space (L*, a*, b*). The sensor
was positioned perpendicular to the sample surface to
obtain L*, a* and b* values (Buckley and Giorgianni,
2023). Measurements were performed in triplicate for each
treatment to ensure accuracy, and the recorded values were
expressed as the mean + standard deviation. The data were
statistically analyzed using one-way analysis of variance
(ANOVA) at a 5% significance level (p < 0.05). When

significant differences were detected, Duncan’s Multiple

Range Test (DMRT) was applied to compare means

among treatments.

SENSORY EVALUATION

Sensory evaluation was conducted to assess the visual
quality of dadih samples from four treatments (T1-T4)
using 20 semi-trained panelists under controlled laboratory
conditions. Approximately 30 g of each sample was placed
in identical transparent containers, coded with random
three-digit numbers, and presented at room temperature
(28-32 °C) under uniform white lighting. The evaluated
attributes included syneresis intensity, distribution of
surface whey, colour, colour and structural uniformity,
overall appearance, and overall liking. Each attribute was
assessed using a structured 5-point scale (1 = very poor/
very low/strongly dislike; 5 = very good/very high/strongly
like). The scoring criteria were clearly defined, ranging
from absence to dominance of surface whey for syneresis-
related parameters, from very dull to very bright for colour,
from highly non-uniform to highly uniform for structural
consistency, and from very unattractive to very attractive
for overall appearance (Arilla ez @/, 2023). Overall
liking was measured using a 5-point hedonic scale from
strongly dislike to strongly like. Samples were evaluated
independently in randomized order, and the results were
expressed as mean scores and analyzed using ANOVA
followed by Duncan’s multiple range test at p < 0.05.

June 2026 | Volume 14 | Issue 6 | Page 1284

%0 .
Qals Links
OResearchers



OPEN aACCESS

Advances in Animal and Veterinary Sciences

PH MEASUREMENT

The pH of dadih was measured using a pH meter that
had been calibrated with standard buffer solutions at pH
3.0 and 7.0. Prior to measurement, 5 mL of sample was
diluted with 10 mL of distilled water and homogenised for
5 minutes to ensure uniformity (Melia ez a/., 2021).

TITRATABLE ACIDITY DETERMINATION

Titratable acidity was assessed by transferring 10 mL of the
sample into a glass beaker using a volumetric pipette. After
adding a few drops of phenolphthalein indicator (Sigma-
Aldrich, USA), the sample was titrated with 0.1 M NaOH
until a persistent pale pink endpoint was reached (Melia ez

al.,2021).

ENUMERATION OF LACTIC ACID BACTERIA, YEAST, AND
MOULD

Microbial counts were assessed by first homogenising 25
g of dadih with 225 mL of sterile 0.85% (w/v) sodium
chloride solution (Merck, Germany) for 10 min using a
magnetic stirrer to obtain a uniform suspension. Serial
dilutions were subsequently prepared in the same diluent
and spread onto selective culture media. Lactic acid
bacteria were enumerated on de Man—Rogosa—Sharpe
(MRS) agar (Oxoid, United Kingdom), whereas yeast
and mould populations were determined using Potato
Dextrose Agar (PDA) (Oxoid, United Kingdom)
(Phovisay ez al., 2024).

RESULT'S AND DISCUSSION

CNN-BASED CLASSIFICATION PERFORMANCE OF
DADIH VISUAL QUALITY

Figure 5 presents the confusion matrix of the CNN-based
(e-eye) model for dadih quality classification. Darker
colour indicates a higher number of samples in each cell.
The matrix shows perfect diagonal dominance, with all
samples correctly classified into their respective categories
(A_Excellent), (B_Good), (C_Fair), (D_Poor), and no
misclassification observed across classes. Specifically, the
model correctly identified 100 samples of Class T1, 100
samples of Class T2, 100 samples of Class T3, and 100
samples of Class T4, yielding an overall test accuracy of
98%. This performance can be attributed to the distinct
visual differences among treatments, where samples such
as T1 and T4 exhibited clear contrasts in colour and
gel structure, allowing the model to distinguish classes
effectively. In addition, data augmentation and the use
of regularisation layers (Dropout and MaxPooling) were
applied to reduce the risk of overfitting and improve
model generalisation. Data augmentation was applied
using ImageDataGenerator, including rotation (up to
25°), width and height shifts, shear transformation,
zoom, horizontal flipping, and pixel rescaling (1/255) to

enhance dataset variability. Nevertheless, it is important
to note that model performance may vary when applied
to external datasets, particularly those obtained under
different lighting conditions or background settings
compared to the controlled laboratory environment used
in this study.

A_Excellent

B_Good

- 10

C_Fair

D Poor

A_Excellent

B_Good C Fair D_Foor

Figure 5: Confusion matrix analysis.

VISUAL CHARACTERISTICS OF DADIH FROM DIFFERENT
PRODUCERS AND BAMBOO TYPES

Figure 6 presents the visual appearance of dadih samples
produced using different bamboo types and milk sources.
Noticeable differences were observed in surface structure,
colour tone, and whey separation among treatments.
Samples obtained from traditional producers in West
Sumatra exhibited more uniform gel structure and compact
appearance, while experimentally prepared dadih showed
variations in surface smoothness and whey distribution
depending on the bamboo type used (ori and apus). These
visual differences suggest that raw material composition
and fermentation container may influence the structural
integrity and overall appearance of dadih; however, the
potential effects of transportation cannot be completely
excluded.

CONTROL SAMPLE DESCRIPTION AND CLASSIFICATION
CRITERIA

The control sample used in this study consisted of
commercially available dadih widely distributed in West
Sumatra, Indonesia. Traditionally produced using fresh
buffalo milk and spontaneous fermentation in bamboo
containers, West Sumatran dadih is typically characterised
by a bright white to slightly creamy colour, a compact and
cohesive gel structure, and a relatively smooth surface with
minimal whey separation (Anindita ez a/., 2026; Herlina
and Setiarto, 2024). The product generally exhibits a dense,
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spoonable consistency with a mildly acidic aroma and + Class B (Good): Minor visual imperfections, slight

uniform appearance, reflecting stable fermentation and whey presence, but overall structural integrity
well-developed protein coagulation (Pramana ez a/., 2025). maintained.

In the present study, this commercially established product * Class C (Fair): Noticeable structural breakdown
was used as a visual reference standard in the (e-eye) —based accompanied by dominant whey release and reduced
classification system. To ensure objective categorisation, visual uniformity.

the visual quality grading followed predefined classification  *  Class D (Poor): Assigned when visible mould colonies
rules: or contamination spots are present on the surface. If no
¢ Class A (Excellent): Stable gel structure, uniform mould is detected, classification is based on structural

colour, minimal or no whey separation, and highly and visual integrity:

attractive appearance.

(a) Dadih shipped from producer 1 (b) Dadih shipped from producer 2

) (Tc) Dadih prepared from cow’s milk and (d) Dadih prepared from cow’s milk
fermented in bamboo ori, and fermented in bamboo apus

Figure 6: Samples of dadih produced using different bamboo types and milk sources.

Source: Personal documentation.
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Prediction : Good
Accuracy : 0.6066
Class probability:
Excellent: 0.6066
Good : 0.3902
Fair: 0.0017
Poor: 0.0015

i
F e

Figure 7: CNN-Based (e-eye) Classification of Control
Dadih Sample from West Sumatra.

'The numerical values represent the class probability outputs
generated by the CNN-based (e-eye) system for visual
quality classification, as presented in Figure 7. The model
classified the sample as “Good” with a confidence level
of 0.7644 (76.44%), indicating that this category had
the highest predicted probability among all classes. The
remaining values correspond to the likelihood of the sample
belonging to other quality categories, including “Excellent”
(0.7795) and lower-quality classes with substantially smaller
probabilities. These probabilities are derived from the
softmax function and reflect the model’s level of certainty in
assigning the sample to a specific visual quality class.

Treatment 1
; Prediction : Excellent

Accuracy : 0.7795

Class probability:

Excellent: 0.7795

Good : 0.2083

Fair: 0.0065

Poor: 0.0056

Prediction : Good
Accuracy : 0.7644
Class probability:
Excellent: 0.2153
Good : 0.7644
Fair: 0.0139

Poor: 0.0063

Prediction : Fair
Accuracy : 0.6423
Class probability:
Excellent: 0.0047
Good : 0.0033
Fair: 0.3497
Poor: 0.6423

Prediction : Poor
Accuracy : 0.8808
Class probability:
Excellent: 0.0039
Good : 0.0088
Fair: 0.1066

Poor: 0.8808

e G o

Figure 8: CNN-Based (e-eye) classification results of

dadih samples across treatments.

ELECTRONIC EYE EVALUATION OF DADIH VISUAL
QUALITY

The CNN-based (e-eye) demonstrated clear differentiation
among treatments based on visual characteristics, as shown
in Figure 8. The model was developed using a sequential
Convolutional Neural Network (CNN) architecture
consisting of multiple Conv2D layers (32, 64, and 128
filters), followed by MaxPooling, a fully connected Dense
layer (128 neurons), and a Softmax output layer for four-
class classification. The dataset comprised 400 images
(100 per treatment), which were split into 80% training
and 20% validation subsets using a hold-out validation
approach, with data augmentation applied to enhance
generalization. The model achieved a high classification
accuracy of approximately 98% on the validation set; this
near-perfect performance may be attributed to clearly
distinguishable visual differences among treatments,
particularly in colour contrast and whey separation. The
higher validation accuracy compared to training accuracy
in early epochs may indicate differences in dataset
complexity or distribution, suggesting that further dataset
balancing and validation strategies are required.

Treatment 1 was classified as “Excellent” with a high
confidence level (0.7795), indicating strong visual
conformity to the optimal criteria, such as uniform colour
distribution and stable gel structure. Treatment 2 was
categorised as “Good” (0.7644), reflecting minor visual
imperfections but overall acceptable structural integrity.
In contrast, Treatments 3 and 4 were classified as “Fair”
and “Poor” with high confidence (0.6423 and 0.8808),
indicating visible structural instability and whey separation.
These classification categories were defined based on
observable visual indicators, including colour uniformity,
gel consistency, and whey release, which are commonly
used as qualitative indicators of fermented dairy product
quality.It is important to note that the confidence values
derived from the Softmax output represent the model’s
prediction probability rather than statistical significance.
Therefore, these results were further supported by
evaluation metrics such as classification accuracy and
validation performance, ensuring the robustness of the
model. Moreover, the visual classification results were
aligned with physicochemical and sensory observations,
where treatments with higher structural stability and
lower whey separation corresponded to better quality
classifications. This integration confirms that the CNN-
based e-eye system is capable of capturing meaningful visual
teatures that align with conventional quality parameters.
These confidence values do not represent population-
level statistical significance or model generalisation, as
no independent test set or confidence interval analysis
was performed. Therefore, the interpretation of results is
limited to prediction probabilities and model performance
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within the available dataset.

CIELAB COLOUR
TREATMENTS

The CIELab analysis revealed significant differences
(p < 0.05) in colour parameters among treatments, as
determined by one-way analysis of variance (ANOVA)
followed by Duncan’s multiple range test. The data are
presented as mean * standard deviation. These results
indicate that both milk source and fermentation container
influenced the visual appearance of dadih. The detailed
values of L*, a*, and b* are presented in Table 2. Treatment
3 exhibited the highest lightness value (L* = 91.23 + 0.292),
which was significantly higher (p < 0.05) than those of
other treatments, indicating a brighter and more visually
luminous product. In contrast, Treatment 2 showed the
lowest L* value (81.83 + 1.159), suggesting a relatively
darker appearance. The higher brightness observed in
T3 may be associated with differences in protein matrix
structure and moisture distribution, which influence light
reflectance on the gel surface (Rachmawati ez a/., 2022).
However, its classification as fair by the CNN indicates that
visual quality is not determined by colour alone. The model
likely captured structural issues such as uneven surface,
whey separation, and weak gel formation despite the high
brightness value. Redness (a*) values were markedly higher
in T1 (6.13 + 0.15%), indicating a stronger red/yellowish
tone, whereas T3 showed values close to neutral (0.13 =
0.069), suggesting a whiter and less pigmented appearance.
Similarly, yellowness (b*) was highest in T1 (31.03 + 0.402)
and lowest in T4 (14.60 = 1.23¢). Elevated a* and b* values
in T1 may reflect differences in raw milk composition,
fat content, or fermentation-induced pigment changes.
The high L* value in T3 (91.23) indicates a brighter
colour. Meanwhile, lower b* values in T3 and T4 indicate
reduced yellow intensity. When compared with the CNN-
based (e-eye) classification results (Figure 8), a aligned
pattern emerges. Treatment 1, which showed relatively
balanced colour intensity and moderate brightness, was
classified as “Excellent” with high confidence, indicating
strong visual conformity to premium quality criteria.
Treatment 2, despite having lower lightness, was classified
as “Good,” suggesting that minor colour variation did
not substantially reduce perceived visual acceptability. In
contrast, Treatments 3 and 4, which exhibited reduced
colour intensity (lower a* and b* values) and altered surface
characteristics, were categorised as “Fair” and “Poor”
reflecting the influence of structural instability and whey
separation on overall visual grading. These findings suggest
that instrumental colour parameters may be associated
with Al-based visual classification outcomes. However,
turther statistical validation, such as correlation analysis,
is required to confirm the strength of this relationship. The
results indicate that colour attributes potentially contribute

PROFILE OF DADIH ACROSS

to the differentiation of dadih quality across treatments.

Table 2: Instrumental colour characteristics of dadih
measured using the cielab system.

Treatment L* a* b*

T1 84.37 +0.50¢  6.13 £ 0.152 31.03 £ 0.402
T2 81.83 + 1.15¢ 5.10+0.20>  27.33 + 0.83P
T3 91.23 +0.29* 0.130.06¢  15.37 £ 0.15¢
T4 87.70 £ 0.53> 1.03+0.12¢  14.60 + 1.23¢

Data are presented as mean * standard deviation. Means
sharing different lowercase letters within the same column
differ significantly according to the DMRT test at p < 0.05.
T1: Treatment 1 (dadih West Sumatera from producer 1),
T2: Treatment 2 (dadih West Sumatera from producer 2), T3:
Treatment 3 (dadih Java from ori bamboo), T'4: Treatment 4:

(dadih Java from apus bamboo).

SENSORY EVALUATION PROFILE OF DADIH

The radar plot (Figure 9) illustrates the comparative
sensory attributes of dadih across treatments. Significant
differences (p < 0.05), as determined by one-way analysis
of variance (ANOVA) followed by Duncans multiple
range test, were observed in all sensory parameters,
including syneresis intensity, surface whey distribution,
colour, structural uniformity, overall appearance, and
overall liking. The data are presented as mean * standard
deviation (Table 3). Treatments T3 and T4 exhibited
significantly higher scores in syneresis intensity and surface
whey distribution (p < 0.05), indicating greater structural
instability and whey separation. Increased whey separation
likely disrupted the compact gel matrix, leading to reduced
visual appeal. In contrast, Treatments T1 and T2 showed
significantly higher scores in colour, structural uniformity,
overall appearance, and overall liking (p < 0.05), suggesting
better visual quality and higher perceived acceptability
based on panelist evaluation. Among all treatments, T2
consistently demonstrated the highest sensory scores,
particularly in colour (4.80 + 0.09?), structural uniformity
(4.90 + 0.08), overall appearance (4.90 + 0.09?), and
overall liking (4.80 + 0.10°), indicating superior sensory
performance under controlled evaluation conditions. These
findings are aligned with the instrumental and Al-based
evaluations, where Treatments 3 and 4 were classified into
lower quality categories due to structural breakdown and
surface instability. The sensory results suggest that visual
attributes such as surface smoothness, colour consistency,
and whey presence strongly influence perceived quality.
Moreover, sensory evaluation provides complementary
insights beyond instrumental and Al-based analyses
by capturing human perception of visual and structural
quality. While instrumental and CNN-based methods
quantify physical attributes, sensory assessment reflects
how these characteristics are perceived under real
conditions, highlighting its role in interpreting and
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validating overallproduct quality. The difference between
the sensory results and the CNN classification is likely
due to the different aspects assessed by each approach.
Sensory evaluation reflects overall perception, while the
CNN is limited to visual characteristics. In this study,
T1 appeared more visually stable, whereas T2 was more
preferred by the panelists, suggesting that both methods
offer complementary perspectives rather than conflicting
outcomes.

MICROBIAL DYNAMICS, ACIDIFICATION, AND WATER
ACTIVITY OF DADIH

As presented in Table 3, significant differences (p < 0.05),
as determined by one-way analysis of variance (ANOVA)
tollowed by Duncan’s multiple range test, were observed
among treatments in lactic acid bacteria (LAB) counts,
titratable acidity, and pH values. The data are expressed as
mean * standard deviation. Treatment 2 showed relatively
higher LAB counts (8.10 + 0.10%), together with the
highest titratable acidity (15.00 + 0.252 g lactic acid/100 g)
and the lowest pH (3.80 + 0.04¢).

The pronounced difference in acidity and pH suggests
more extensive acid production, which plays a key role
in protein coagulation and gel formation, rather than
being driven by differences in LAB counts alone (Abedi
and Hashemi, 2020; Balasubramanian ez a/., 2024). The
stronger acidification likely contributed to the relatively
compact structure observed in Treatment 2, which was
classified as “Good” by the CNN-based (e-eye) and
received favourable sensory scores. In contrast, Treatment
4 showed the lowest LAB count (7.30 logio CFU/g), the
lowest titratable acidity (8.00), and the highest pH (5.50),
indicating minimal fermentation and insufficient acid
development. The relatively high pH value suggests that
acidification was largely incomplete, which likely hindered
casein network formation and resulted in structural
instability and increased whey separation (Li and Zhao,
2019; Sun ez al., 2018). This is aligned with the sensory
evaluation results, where Treatment 4 exhibited higher
syneresis intensity and lower structural uniformity, as well
as its classification as “Poor” by the (e-eye) system.

Sensory Analysis

T3 T4

Syneresis Intensity

5

OVERALL LIKING

o R & &

Overall Appearance "w,

Distribution of Surface
Whey

® Colour

Colour and Structural
Uniformity

Figure 9: Radar plot representing sensory attributes of dadih.

Table 3: Comparative sensory attributes of dadih across treatments.

Treatment  Syneresis Surface whey Colour
intensity distribution

T1 1.40 + 0.15° 1.30 £ 0.12° 4.70 £ 0.10°

T2 1.20 £ 0.10° 1.50 + 0.13% 4.80 = 0.09°

T3 3.30 £ 0.20° 3.60 £0.182 3.60 + 0.15°

T4 3.40+0.18 3.70+0.172 3.40 £ 0.16°

Colour and structural Overall Overall liking
uniformity appearance

4.70 £ 0.112 4.80 = 0.10° 4.70 £ 0.122
4.90 + 0.082 4.90 = 0.09° 4.80 + 0.107
3.20£0.17° 3.40 £ 0.16° 3.80 £ 0.14°
3.40 + 0.15° 3.70 + 0.18> 4.00 + 0.15°

Data are presented as mean + standard deviation. Means sharing different lowercase letters within the same row differ significantly
according to the DMRT test at p < 0.05.T1: Treatment 1 (dadih West Sumatera from producer 1), T2: Treatment 2 (dadih West
Sumatera from producer 2), T'3: Treatment 3 (dadih Java from ori bamboo), T4: Treatment 4: (dadih Java from apus bamboo).
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Table 4: Lactic acid bacteria, yeast—-mould counts, titratable acidity, and ph of dadih samples.

Treatment Lactic acid bacteria Yeast and mould Titratable acidity pH

(logl0 CFU/g) (log10 CFU/g) (g lactic acid/100 g)
T1 7.80 = 0.10P 7.15 + 0.04 13.50 = 0.20° 4.30 = 0.04¢
T2 8.10 + 0.10 7.20 £ 0.04 15.00 + 0.25* 3.80 + 0.04¢
T3 7.60 +0.10° 7.12 +0.04 12.70 £ 0.20¢ 4.50 + 0.04>
T4 7.30 +0.10¢ 7.00 + 0.05° 8.00 + 0.20¢ 5.50 + 0.042

Data are presented as mean + standard deviation. Means sharing different lowercase letters within the same row difter significantly
according to the DMRT test at p < 0.05.T1: Treatment 1 (dadih West Sumatera from producer 1), T2: Treatment 2 (dadih West
Sumatera from producer 2), T'3: Treatment 3 (dadih Java from ori bamboo), T4: Treatment 4: (dadih Java from apus bamboo).

Yeast and mould counts were relatively similar across
treatments (7.00-7.20 log CFU/g), indicating that their
contribution to the observed quality differences was
minimal. However, the primary determinant of structural
integrity. Treatments 3 and 4, which had higher pH values
and lower acidity compared to Treatment 2, also exhibited
reduced colour intensity (lower a* and b* values) and altered
surface characteristics. These physicochemical conditions
may influence light scattering and surface reflectance,
explaining the differences observed in the CIELab analysis
(Table 2) and their lower Al-based quality grading. The
microbial and acidification profiles are closely linked to
structural stability, colour attributes, and visual perception
(Basdeki ez al., 2025). These results indicate a close
relationship between microbial activity, acidification, and
visual characteristics of dadih. This supports the potential
of the multimodal approach in capturing quality differences
across treatments.

094
0.913
092 0.901
09
0.872
088
0.848
3\ 086
m
084
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0.78
T T2 T3 T4
Treatments

Figure 10: Water activity (a_w) of dadih samples under.

DIFFERENT TREATMENTS.

Moisture availability, as reflected by water activity
(a_w), differed markedly among treatments (Figure 10),
indicating variations in water binding capacity within
the fermented protein matrix. Treatment 4 recorded
the highest a_w value (0.913), followed by Treatment 3
(0.901), whereas Treatment 2 showed the lowest value
(0.848). These differences suggest that fermentation

intensity and gel network development directly influenced
the distribution between bound and free water fractions.
'The relatively low a_w observed in Treatment 2 is aligned
with its higher lactic acid bacteria count and titratable
acidity (Table 4), which may promote casein aggregation
and the formation of a denser gel structure capable of
entrapping water molecules more effectively. This structural
compactness is likely associated with its favourable sensory
scores and its classification as “Good” by the CNN-based
(e-eye) system. In contrast, Treatments 3 and 4, which
exhibited higher a_w values, likely contained a greater
proportion of unbound water, contributing to increased
whey separation and reduced structural uniformity. These
characteristics were reflected in lower sensory ratings and
their categorisation as “Fair” and “Poor” by the Al-based
system. Elevated surface moisture may influence light
scattering and reflectance, thereby affecting instrumental
colour parameters, particularly the lower a* and b* values in
Treatments 3 (a*=0.13 + 0.06¢ and b*=15.37 £ 0.15¢) and T4
(a* =1.03 + 0.12¢ 14.60 + 1.23¢) compared to T1 and T2.
'These treatments also showed higher water activity (Figure
10) (T3=0.901 and T4=0.913) and syneresis intensity
(T3=3.30 + 0.20* and T4=3.40 + 0.18%) along with lower
scores in structural uniformity and overall appearance,
indicating reduced structural stability and visual quality.
'This pattern supports their classification into lower quality
categories by the Al-based system.

CONTRIBUTION TO SUSTAINABLE DEVELOPMENT GOALS
(SDGs)

This study improves the consistency of dadih quality
evaluation through a more objective approach. It may
support better processing control and reduced variability,
which are relevant to responsible production (SDG 12)
and innovation in food systems (SDG 9), although its
broader impact depends on practical adoption (Asnayanti
et al., 2025; Ridwan ez al., 2026).

CONCLUSION

This study demonstrates that dadih from West Sumatra
(T1andT2) can serve as a practical reference for improving
dadih production in Java. The multimodal evaluation
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showed that T'1 exhibited the most desirable characteristics,
including balanced colour parameters, stable acidification,
moderate water activity, and high sensory acceptance, and
was classified as “Excellent” by the CNN-based (e-eye)
system. In contrast, the Java-produced dadih (T3 and T4)
showed higher water activity, limited acidification (pH
up to 5.50), and weaker structural stability, indicating
incomplete fermentation. These conditions affected visual
quality and resulted in lower Al-based classification. To
improve product quality, fermentation should be carried
out at 30-37°C for 24-48 hours. Milk type and processing
conditions also influence fermentation and final product
quality, so selecting appropriate raw materials is important.
The combined use of instrumental, microbial, sensory,
and Al-based evaluation provides a practical approach
for identifying quality differences and supporting more
consistent production.
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